INTRODUCTION
Foot and mouth disease (FMD) is a very important disease of livestock in India causing great economic loss. The virus types occurring in this country are O, A, C and Asia 1 with type O as the predominant virus type since the highest number of FMD outbreaks are caused by this type and thus it is of great significance.
Since the strategy for the control of FMD in India is by vaccination of susceptible animals, continuous surveillance of different types and subtypes is being undertaken for the whole country. The subtyping of virus type O during 1975 type O during -1978 type O during (Rai, 1980a did not show any antigenic variation from the vaccine strain 0 5 (India 1/62). However, outbreaks of disease in vaccinated herds have been recorded in increasing numbers and this has led us to give more emphasis to the subtyping of type O field strains.
In the present communication, subtyping studies undertaken with type O strains recovered from field outbreaks during the period 1978-1982 in India are described.
MATERIALS

AND METHODS
Reference virus strain.
FMD virus 0 5 (India 1/62) is currently being used as the vaccine strain in India and hence it was used as the reference vaccine strain. For this purpose this virus subtype along with its antiserum was used as the homologous system with which all the field viruses were compared.
Field viruses.
The original samples received in the form of tongue epithelium were revi ved in 5-7 day-old suckling mice and then passaged in guinea pigs. The his tory of field isolates tested is shown in Tables I to III.
Preparation of virus antigen.
After 2-3 passages in guinea pig foot pads, the virus was used for testing. The pads were triturated in phosphate buffer saline, pH 7.2 using one pad per ml, and extracted twice with fluorocarbon. The virus-containing layer was collected and used for testing on the same day. The virus antigen was tes ted in two-fold dilutions.
Preparation of guinea pig hyperimmune serum.
The antisera against viruses were prepared as described by Davie (1964) .
Subtype antisera.
The subtype reference guinea pig hyperimmune sera against 0 5 (India 1/62), O1 (BFS 1860) and 0 6 (O vi ) were received from the World Reference Laboratory for FMD, the Animal Virus Research Institute, Pirbright, U.K. These antisera were used for testing those strains which were found to show antigenic differences to the reference strain 0 5 (India 1/62).
Complement.
The complement used was normal guinea pig serum preserved in Richard son's solution and stored at +4°C.
Hemolytic system.
The hemolytic system consisted of hemolysin (4 MHD/ml) and 1 % sheep erythrocytes suspended in veronal buffer, pH 7.4. The hemolytic system was sensitized at 37°C for 30 minutes in a water bath and then used.
Microcomplement fixation test.
The microcomplement fixation test for subtyping was conducted in Titertek microtiter plates using the procedure of Rweyemamu et al. (1977) .
Estimation of antigenic relationship.
The 'r' value relationships were calculated as described by Arrowsmith (1975 Since Pereira (1977) suggested that 'r' values should be taken into account for subtyping and there is no need to calculate R values, we calculated 'r' values only. The author's suggestion that for a virus to be considered a new subtype, 'r' value relationships should be lower than 0.25 in both directions, was taken as the basis for interpretation of the results. In routine subtyping, all the field strains are compared first with 0 5 (India 1/62) vaccine reference strain to find out the 'r' values. If an 'r' value which is 0.25 or below is found, such strains are further studied by raising antisera against them. If the 'r' values are sufficiently higher than 0.25 the strains are considered to be related to 0 5 . By this procedure, a large number of isolates can be screened.
RESULTS AND DISCUSSION
The results of unidirectional testing of field strains of type O with 0 5 (India 1/62) antiserum are given in Tables I to III. The results of subtyping in both directions are shown in Table IV . The virus antigens which showed anti genic difference from 0 5 were tested with subtype antisera 0 5 , O1 and 0 6 received from the World Reference Laboratory, Pirbright and the results obtained are shown in Table V. The 'r' values of 0 5 antiserum with field strains isolated during [1978] [1979] [1980] [1981] [1982] show a tendency towards a decrease from 1978 onwards. While 'r' values obtained with most of the isolates in 1978 and 1979 were more than 0.25, the number of strains showing an 'r' value of 0.25 increased considerably in 1980 . In 1981 -1982 , although a limited number of strains were tested, all of them showed an 'r' value of 0.25 or considerably less than 0.25. In earlier studies (Rai, 1980a, b) , the 'r' values obtained with field strains recovered during 1975-1978 were significantly higher, varying from 0.4 to 1.0. Thus it is evident that an antigenic drift has been taking place in type O strains in India during this period. The subtyping tests carried out with four strains, two each from 1981 and 1982 (IND 1/81, IND 12/81, IND 85/82, IND 103/82 ) with the 0 5 reference strain yielded 'r' values lower than 0.25 in both directions and hence these were considered to be different from 0 5 in line with the crite ria of Pereira (1977) . When these strains along with the 0 5 reference strain (1977) and Pereira (1977) . With increasing antigenic drift this relationship became more distant and in 1981-1982, it was sufficiently wide to render the strain a different subtype. In India, the highest number of outbreaks are caused by type O, affecting large parts of the country and involving several species such as cattle, buffalo, sheep, goat, pig and even wild and semi-wild animals. On many occasions, the same animal population is again affected by this virus. The passage of this virus type through such a wide range of animal species as well as populations having some level of antibody may be an important factor in the development of newer strains. In India, a large number of FMD outbreaks are being recorded in vaccinated herds from which type O virus has been isolated. The present study shows that antigenic variation of the strains isolated from such conditions is the major factor for the disease in vaccinated animals since the vaccine used in India incorporates 0 5 . Further studies are being pursued with representative strains from different parts of the country so that the prevalence of this subtype can be determined in the whole country and the selection of a suitable strain for use in vaccine manufacture can be suggested either for a particular part or for the whole country.
